Chiral constituent quark model with configuration mixing (χCQM config ) is known to provide a satisfactory explanation of the "proton spin problem" and related issues. In order to enlarge the scope of χCQM config , we have attempted to phenomenologically incorporate x−dependence in the quark distribution functions. In particular, apart from calculating valence and sea quark
distributions q val (x) andq(x), we have carried out a detailed analysis to estimate the sea quark asymmetriesd(x) −ū(x),d(x)/ū(x) andd (x)−ū(x) u(x)−d(x) as well as spin independent structure functions F p 2 (x) − F n 2 (x) and F n 2 (x)/F p 2 (x) as functions of x. We are able to achieve a satisfactory fit for all the above mentioned quantities simultaneously. The inclusion of effects due to configuration mixing have also been examined in the case F p 2 (x) − F n 2 (x) and F n 2 (x)/F p 2 (x) where the valence quark distributions dominate and it is found that it leads to considerable improvement in the results. Further, the valence quark structure has also be tested by extrapolating the predictions of our model in the limit x → 1 where data is not available.
I. INTRODUCTION

Chiral constituent quark model (χCQM), as formulated by Manohar and Georgi [1], has
been successful in not only explaining the "proton spin crisis" [2] but is also able to account for various general features of the quark flavor and spin distribution functions including the violation of Gottfried Sum Rule [3, 4, 5] , baryon magnetic moments and hyperon β−decay parameters etc. [6, 7, 8, 9] . Recently, it has been shown that configuration mixing, known to be compatible with the χCQM (henceforth to be referred as χCQM config ), improves the predictions of χCQM regarding the spin polarization functions as well as gives an excellent fit to the baryon magnetic moments [10] . The successes of χCQM config have been tested rather well for the quantities which are Q 2 as well as x independent. In this context, it may be added that in the last few years, there has been considerable refinement in the measurements ofd −ū andd/ū asymmetry as well asd
at different values of Bjorken scaling variable
x. The NuSea Experiment (E866) [4] has determined independently how the sea-antiquark ratiod/ū and the differenced −ū vary with x and it has been found that the Q 2 dependence is small in these quantities. Earlier, the NMC data was available ford −ū [3] for a range of x and NA51 measurements ford/ū [11] were constrained at a single value of x. More recently, HERMES has presented the x dependence of another u − d asymmetryd −ū u−d [12] .
This suggests a corresponding extension of the successes of χCQM config to quantities which are x dependent but have weak Q 2 dependence.
Similarly, the combinations of proton and neutron structure functions F p,n 2 (x, Q 2 ), having weak dependence on Q 2 , provide a good facility to test the quark distribution functions at different x values [13, 14] . In particular, the experimental data is available for the difference of proton and neutron structure functions F p 2 (x) − F n 2 (x) as well as the ratio R np (x) = F n 2 (x)/F p 2 (x) [13, 14] . It has been emphasized in the literature that they provide vital clues to the valence structure of the nucleons in the limit x → 1 thereby having important implications for the valence quark distribution functions. Also, in this limit, such an exercise has a bearing on the configuration mixing as well [15, 16, 17, 18] .
It has been emphasized in the neutrino-induced DIS experimental data from the CDHS experiment that, on the one hand, the valence quark distributions dominate for x > 0.3 and it is a relatively clean region to test the valence structure of the nucleon as well as to estimate the structure functions and related quantities [19] . On the other hand, the sea quarks dominate for the values of x < 0.3. This becomes particularly interesting for the χCQM config where the effects of sea quarks and effects of valence quarks can separately be calculated. These latest developments have renewed considerable interest in the structure of the light-quark sea as well as valence structure of the nucleon and suggests a closer scrutiny of the valence and sea quark distribution functions with an emphasis on their x dependence.
To predict the quark distributions functions at low and intermediate energy scale, we need to solve the nonperturbative QCD which is an extremely difficult theoretical problem. The question of developing a quark model with confining potential incorporating x−dependence in the valence quarks distribution functions has been discussed in the literature [16, 17, 18, 22] . The inclusion of x−dependence however has not yet been successfully derived from first principles. Instead, they are obtained by fitting parametrizations to data. It has also been realized in semiphenomenological analyses [20] that the light flavor sea quark components are absolutely necessary to describe the quark distribution functions. The flavor asymmetry of the sea quark distributions have been established experimentally [3, 4] which seems definitely non-perturbative and cannot be explained by the sea quarks radiatively generated through the perturbative QCD. Therefore, some low-energy nonperturbative mechanism is needed which generates sea-quark distributions in the nucleon. Recently, these issues have been discussed in the chiral quark soliton model [21] which makes a reasonable estimation not only of the quark distribution functions but also of the antiquark distributions by taking into account the x−dependence in the distribution functions. More recently, Alwall and Ingelman [23] have derived, in their physical model, the x−dependence in the quark distribution functions from simple assumptions regarding the nonperturbative properties of the hadron.
Earlier also, similar kind of calculations have been done by Eichten, Hinchliffe and Quigg in the chiral quark model [6] which describes the sea quark distribution functions. Isgur [16] has also discussed the x−dependence of the quark distribution functions, induced by relativistic quenching, in the constituent quark model.
The purpose of the present communication is to phenomenologically include the x−dependence in the valence and sea quark distribution functions in the χCQM config and study its implications for quark flavor asymmetries dominated by the sea quark distribution functions as well as spin independent structure functions dominated by valence quark distribution functions. In particular, we would like to include x−dependence in the quantities which have weak Q 2 dependence, for example,
Dependence of the quark distribution functions on x is compared with the data as well as with the results of several theoretical models, for example, the chiral quark soliton model [21] , chiral bag model [22] , a physical model by Alwall and Ingelman [23] , statistical quark model [24] etc.. Further, it would also be interesting to carry out a detailed analysis of the implications of configuration mixing in the quantities
, where the valence quarks play an important role. Furthermore, the valence quark structure can also be tested by extrapolating the predictions of our model in the limit x → 1 where data is not available.
II. CHIRAL CONSTITUENT QUARK MODEL WITH CONFIGURATION MIX-
The details of χCQM config have already been discussed in Ref. [10] , however to facilitate the discussion as well as for the sake of readability of the manuscript, some essential details have been presented in the sequel. The key to understand the "proton spin problem", in the χCQM formalism [7] , is the fluctuation process
where GB represents the Goldstone boson and′ + q ′ constitute the "quark sea" [7, 8, 9, 10] . The effective Lagrangian describing interaction between quarks and a nonet of GBs, consisting of octet and a singlet, can be expressed as
where ζ = g 1 /g 8 , g 1 and g 8 are the coupling constants for the singlet and octet GBs, respectively, I is the 3 × 3 identity matrix. The GB field which includes the octet and the singlet GBs is written as
SU(3) symmetry breaking is introduced by considering M s > M u,d as well as by considering the masses of GBs to be nondegenerate (M K,η > M π ) [8, 9] , whereas the axial U(1) breaking [7, 8, 9] . The parameter a(= |g 8 | 2 ) denotes the probability of
, whereas α 2 a, β 2 a and ζ 2 a respectively denote the
The most general configuration mixing, generated by the chromodynamic spin-spin forces [15, 16, 17] , in the case of octet baryons can be expressed as [16, 17, 25 ]
where φ represents the |56 − |70 mixing, θ and θ ′ respectively correspond to the mixing among |56, 0
states. For the present purpose, it is adequate [10, 17, 26] to consider the mixing only between |56, 0 + N =0 and the |70, 0 + N =2 states and the corresponding "mixed" octet of baryons is expressed
for details of the spin, isospin and spatial parts of the wavefunction, we refer the reader to reference [27] .
III. QUARK DISTRIBUTION FUNCTIONS AND RELATED PARAMETERS
The χCQM config incorporates the valence quarks, the quark sea and the gluons as the effective degrees of freedom. However, there are no simple or straightforward rules which could allow incorporation of x dependence in χCQM config . The kind of parameters we are evaluating in the present context, at the leading order, involve only the valence quarks and the sea quarks and their x−dependence contributing to the total quark distribution functions defined as q(x) = q val (x) +q(x) (q = u, d, s). Therefore, we would consider the x−dependence of valence quark distributions given as u val (x), d val (x), s val (x) and the sea quark distributions given asū(x),d(x),s(x). To this end, instead of using an ab initio approach, we have phenomenologically incorporated the x−dependence getting clues from
Eichten et al. [6] , Isgur [16] and Le Yaouanc et al. [17] . To begin with, we emphasize the normalization conditions which have to be satisfied by the quark and antiquarks distribution functions. For example,
Keeping in mind the above normalization conditions and following Eichten et al., we assume the x−dependence of the valence and sea quark distribution functions as
It should be noted that the effects of configuration mixing have been incorporated in the valence quark distribution functions following Le Yaouanc et al. and Isgur [16] .
After having formulated the x dependence in the valence and sea quark distribution functions, we now consider the quantities which are measured at different x and can expressed in terms of the above mentioned quark distribution functions. As mentioned earlier also, we are interested only in the quantities which have weak Q 2 dependence because χCQM does not incorporate Q 2 dependence, therefore we will consider only those experimentally measurable quantities which have no or weak Q 2 dependence. To this end, the most important quantity is the Gottfried integral which can be expressed in terms of the quark distribution functions after separating them into valence and sea contributions and is expressed as
where we have used the above normalization conditions. The quantityū(x) −d(x) can be obtained from the E866 data [4] at different x values and calculated in the present context from Eqs. (3.4) and (3.5). Similarly, thed(x)/ū(x) [4, 11] asymmetry measured through the ratio of muon pair production cross sections σ pn and σ pp , can expressed in the present case in terms of the sea quark distribution functions and its variation with x can be studied.
Further, the x dependence ofd
[12] can be calculated using Eqs. To study the Q 2 independent combinations of proton and neutron structure functions
, we write the basic spin independent structure functions in terms of the valence and sea quark distribution functions as follows
The difference of proton and neutron structure functions
which again have weak Q 2 dependence can be obtained using Eqs.
(3.2-3.6).
For the strange-quark content of the nucleon, the relevant observables [28] measured over a range of x are given as
The parameters ρ and κ represents the ratio between the strange and nonstrange quarks of the sea. With the ratio ρ/κ we obtain the ratio between the nonstrange antiquarks and quarks in the nucleon as
IV. INPUT PARAMETERS
Before calculating the valence and sea quark distribution functions and the related phe- To check the results in χCQM config , we have in Table I , presented certain parameters related to spin polarization functions and quark distribution functions having implications for the above set of χCQM parameters. The details have already been discussed in Ref. [32] . On comparing the results for these quantities with data, it is evident from the table that we are able to obtain an excellent agreement in the case of ∆d, ∆ 8 , baryon octet magnetic
Similar agreement is obtained in the case of quark distribution functions. Therefore, we will be using the above set of χCQM parameters for our calculations. has a peak at around x = 0.25 and the maximum value goes upto 0.9. This is in excellent agreement with the valence quark distribution function in the chiral quark soliton model [21] as well as a physical model by Alwall and Ingelman [23] . Similarly, we can compare the sea quark distribution function xū(x). In this case also, we find that the peak is at around x = 0.1 and the maximum value goes upto 0.1 also in agreement with the above mentioned models. Similar agreement is found from the comparison of the case of xd val (x) and xs val (x) as well as xd(x) and xs(x).
From these plots, we are also able to describe some general aspects of the valence and sea quark distribution functions. From Figs. 1 and 2, one can easily find out that the valence quark distributions predictions vary as
whereas the sea quark or the antiquark distributions vary as
d(x) >ū(x) >s(x).
It would be important to mention here that the sea quarks do not contribute at higher values of x, therefore in [21, 22, 23, 24] In Fig. 5 , we have plotted the phenomenological results for thed
asymmetry at different values of x and have compared them with the available semi-inclusive DIS experimental data [12] . The values ofd
are positive over the region 0.02 < x < 0.35 again showing an excess ofd overū. It is also evident from the plot that more experimental input is required for the quantity to be compared with the predictions of the model as the error contained in the data is too large. Therefore, a refinement in the data would not only test the x dependence in the quark distribution functions but also the extent to which the quark sea contributes in the low x regime.
The above mentioned quantities test the sea quark distributions, dominant in the low x regime, reasonably well. It would be important to mention here that the results presented here depend mainly on the χCQM parameters. However, to test the inclusion of x dependence in the high x regime, it becomes essential to study the valence quark distributions which play an important role in the proton and neutron structure functions and in this case the results depend mainly on the assumed parameterization of the x−shape. In Figs. 6 and 7, we have plotted the phenomenological results for the difference and the ratio of the struc-
) after the inclusion of configuration mixing and have compared them with the available data [14] . A cursory look at the plots immediately brings out that our phenomenological results have a very good overlap with the data. To make a comparison at some particular values of x, in Table II, we 
A careful scrutiny of the plots and the table reveals several important points. As the data in the case of the above mentioned structure functions is available for a broader range of x as compared to the data available for the sea quark asymmetries therefore, it becomes interesting to highlight the importance of valence and sea quarks in different x regimes. We have carried out a detailed analysis for the valence and sea quark contribution to F p 2 (x) − F n 2 (x) and it is found that in the low x regime the contributions are dominated by sea quarks whereas, as we go to higher x values the contributions are completely dominated by the valence quarks.
It is however interesting to note that the valence and sea quark distributions contribute in the right direction to give an excellent overall fit to F [21] , statistical quark model [24] as well as a physical model by Alwall and Ingelman [23] particularly when the value of x is small. However, when we go to higher values of x, our model predictions are in better agreement with data when compared to the above mentioned theoretical models. This can easily be seen by comparing the plots of these models with our predictions.
As has been mentioned earlier, the inclusion of configuration mixing generated by spinspin forces [15, 16, 17] Table II . In order to appreciate the role of x dependence along with configuration mixing, we first compare the results of the χCQM with those of the χCQM config .
We find that the configuration mixing effects a uniform improvement in the case of structure functions compared to those without configuration mixing. We also find that the inclusion of x in the quark distribution functions predicts the results in the right direction even when configuration mixing is not included, however, when configuration mixing is included, these show considerable further improvement. This indicates that both x dependence and configuration mixing are very much needed to get an overall fit.
To test the validity of the model as well as for the sake of completeness, in Table III, we have presented the results of our calculations for the quantities whose data is available over a range of x or at an average value of x. In these quantities also we find a good overall agreement with the data. We have already discussed the excellent agreement achieved in the case ofd(x) −ū(x) asymmetry at different values of x. The data for this quantity is also available for the ranges x = 0 − 1 and x = 0.05 − 0.35 and is given as ))dx = 0.0803 ± 0.011. We find that, in our model, we are also able to give an almost perfect fit for the data available at these x ranges. It also needs to be mentioned that the data for the strangeness dependent parameters mentioned in Eqs. (3.10) and (3.11) is also available for the range x = 0 − 1. These quantities lead to some important observations. As there are no strange quarks in the valence structure of the nucleon, therefore the valence contribution to the strangeness parameters ρ and κ is zero.
This implies that the contribution is purely from the quark sea. The quality of numerical agreement in this case can be assessed only after the data gets refined.
VI. SUMMARY AND CONCLUSIONS
To summarize, in order to enlarge the scope of χCQM config , we have phenomenologically andq(x), we have carried out a detailed analysis to estimated(
as functions of x where we are able to achieve an excellent agreement with data as well as other theoretical studies for all the quantities simultaneously. Implications of configuration mixing have also been studied and it is found that the inclusion of x predicts the results in the right direction even when configuration mixing is not included, however, when configuration mixing is included, these show considerable further improvement. The valence quark structure has also been tested by extrapolating the predictions of our model in the region x → 1 where data is not available. The strangeness dependent parameters ρ and κ coming purely from the sea degrees of freedom leads to some important observations regarding the dependence of the sea quark distibution functions on the Bjorken scale variable x which can perhaps be substantiated by further refinement in the data. 
